Metamaterial Absorber Design:
The compact metamaterial absorber consists of two metallic layers separated by a thin dielectric spacer. The top layer is comprised of an array of patterned metallic screens. The bottom continuous metallic sheet prevents any incident radiation from passing through the structure, resulting in no transmission (S 21 ). In the lossless scenario, the structure acts as an artificial magnetic conductor (AMC) that produces zero reflection phase at resonance. By introducing loss into the system, both the electric and magnetic resonances can be tailored so that the input impedance of the metamaterial can be matched to free space, thus minimizing the reflectivity (S 11 ) and maximizing the absorption. Polyimide and gold (Au) were chosen for construction of the metamaterial absorbers due to the flexible nature of the resulting substrates, which enable nonplanar, curved applications of the absorbers. The gold layers were prescribed to be 75nm thick. Measured permittivity for both gold and polyimide were used in the simulations. The top metallic screen geometry was pixilated into an by binary grid ( 13,14) where each pixel represents a patch of metal ("1") or no metal ("0"). By choosing the appropriate design parameters including the top layer screen pattern, the thickness of the polyimide spacer, and the unit cell size, both the electric and magnetic responses can be tuned simultaneously to achieve the desired absorption bands at target frequencies. A GA was used to optimize the design parameters by encoding them into a binary string, or chromosome. A population filled with randomly generated chromosomes was evolved by iteratively evaluating the fitness, or performance, of each member of the population before creating a new generation of chromosomes by combining the best performers, discarding poorly-performing chromosomes, and randomly mutating individuals to introduce genetic diversity. Through this process of natural selection, the GA converges on a design that best meets the optimization criteria. The fitness computation for each structure was carried out using a full-wave periodic finite element boundary integral (PFEBI) method [8] to predict the scattering parameters. The absorption was calculated from the simulated scattering parameters by 1 | | | | . The cost function used in the GA is given by (1) where 1 is the desired absorption for the metamaterial in the target band(s). ∑ ∑ , , .
(1)
Simulation Results: Two designs optimized by GA are demonstrated in this paper. The first goal was to obtain a single absorption peak around 90 THz for both polarizations with a wide angular response. The goal of the second design was to achieve two nearunity absorption peaks around 75 THz and 85 THz for both polarizations from 0˚ to 50˚. The unit cell geometries and dimensions of the two optimized designs are shown in Fig.1(a)-(b) and the orientations of the incident light with respect to the structures are depicted in Fig.1(c) . The simulated absorptivity as a function of frequency for the first design at various angles of incidence under TE and TM polarized illumination are shown in Fig. 2 . As expected, the transmission amplitudes are zero across the entire frequency range (not shown here) due to the gold ground plane. For both polarizations, a near unity absorption peak is obtained at 88 THz for normal incidence. With increasing angle of incidence, the absorptivity remains high, reaching 0.97 for TE and 0.94 for TM at 60˚. The off-resonant absorption is low, arising from the narrow-band-resonance of the metamaterial structure. The absorptivity versus frequency for the second design at various angles of incidence under TE and TM polarized illumination are shown in Fig.3 . As the simulations reveal, two near-unity (≥0.96) absorption peaks are observed at 76 THz and 86.5 THz over a large field of view. This implies that the incident field can efficiently drive currents on both the top and bottom metal layers at all angles of incidence, which is critical to maintain an impedance match to free space. Fig. 4 and Fig.  5 show that zero reflection phase occurs at the absorption bands for both designs, indicating that the AMC conditions are satisfied.
Conclusions:
A flexible polarization-insensitive metamaterial absorber design with a wide field of view was proposed for mid-infrared applications. Both single-band and dual-band designs based on bilayer metallo-dielectric stacks were presented. According to the simulated results, the proposed metamaterial absorbers optimized using a GA could provide absorptivity greater than 0.94 at the target frequency bands for both polarizations over a wide range of incident angles. Efforts are currently underway to fabricate and measure a prototype for confirmation of the numerically predicted absorber performance. 
